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Synthetic procedures of GNR-AHM
Scheme S1. The synthetic route of structurally defined GNRs functionalized with AHM bulky side groups (6, GNR-AHM).
Preparation of N-n-hexadecyl maleimide 1
Scheme S2. Synthetic route towards compound c.
Maleimide (compound c) was synthesized via two steps according to the previous work. 1 Firstly, maleic anhydride (compound a, 4.59 g, 46.9 mmol) was dispersed in 10 mL dichloromethane (DCM). Then a solution of cetylamine (12.58 g, 46.9 mmol) in DCM was added dropwise into the above-mentioned solution. The resulting mixture was refluxed for 30 min and turned solidified. After cooling to room a b c S5 temperature, the precipitate was collected by filtration and washed by DCM, followed by vacuum drying, which produced a solid product (compound b, 14.6 g, 92% yield). 1 H NMR (CDCl 3 , 400 MHz): δ 0.91 (t, 3H), 1.27 (m, 26H), 3 .37 (q, 2H), 6 .29 (d, 1H), 6 .34 (d, 1H), 7.08 (s, 1H).
Secondly, the compound b (10.865 g, 32 mmol), sodium acetate (1.8 g, 22 mmol) and 20 mL acetic anhydride were added into 100 mL round-bottom flask, the mixture was heated to 100°C and reacted for 2 h. Then, the reaction mixture was cooled down to room temperature and 50 mL water was added, followed by extraction of the product with diethyl ether (2×30 mL). The organic phase was washed with potassium hydroxide (KOH) solution (2×30 mL) firstly and then washed with 30 mL water. The organic phase was evaporated and redissolved into 20 mL DCM, then dried with
MgSO4. Subsequently, the mixture was filtered and the solvent was evaporated.
Finally, the crude product was recrystallized in methanol, which produced 7.61 g compound c, with a yield of 74%. 1 Subsequently, the mixture was stirred at -78 o C for 1 h, and then 13.6 mL triisopropyl borate (58.34 mmol) was added at -78 o C slowly. At the end, the mixture was stirred at room temperature for 3h. Afterwards, the reaction mixture was quenched with 200 mL pure water, and followed by adding 10 mL dilute hydrochloric acid solution. The mixture was extracted by DCM; the obtained organic phase was washed with water for 3 times and then the solvent was evaporated. Then 20 mL petroleum ether was added. Afterwards, the suspension was filtered and washed with petroleum ether for 3 times, a white solid product was obtained with a yield of 86%. 1 
Synthesis of compound 3 3
Compound 3 was prepared via Suzuki reaction. Firstly, 100 mg (0.15 mmol) compound 1 (synthesized in our previous work 4 ) and 130 mg (1.17 mmol) 9-anthraceneboronic acid (compound 4) were added to a 50 mL round-bottom flask under nitrogen protection, followed by addition of 12.5 mL toluene and 2.5 mL ethanol. After the mixture was bubbled with N 2 stream for 15 min, a K 2 CO 3 aqueous solution (2 mol/L) was added and then N 2 bubbling was continued for another 15 min.
Afterwards, 34 mg tetrakispalladium (0.015 mmol) was added under N 2 protection.
The mixture was stirred at 80 o C for 12 h. After the reaction, the mixture was washed with water for 3 times and then the solvent was evaporated. Subsequently, 20 mL petroleum ether was added to induce precipitation, and the precipitate was filtered and washed with ethyl acetate for 3 times and finally recrystallized with THF. A yellow solid product was obtained, with a yield of 89%. 1 H NMR (400 MHz, 80 o C, CD 2 Cl 2 , Figure S2 ): δ 7.69-7.39 (3H), 7.23-7.07 (2H), 7.00-5.62 (37H). 13 C NMR ( Figure S3 ) was then stirred at room temperature for 24 h. After the reaction, an excess amount of methanol was added to produce precipitate. The precipitate was collected by extraction filtration, and then washed with water and methanol for at least 5 circles.
Synthesis of Monomer
After vacuum drying, reddish brown powder (C78-AHM) was obtained, with a yield of 91%. 1 H NMR (400 MHz, 80 o C, CD 2 Cl 2 , Figure S8 ): δ 7.83-6.75 (20H), The NMR ( Figures S8-S9 ), FTIR ( Figure S10 ), UV-Vis and PL spectra ( Figure S11) of the C78-AHM nanographene are given below. S13 Figure S8 . 1 H NMR spectrum of C78-AHM. Figure S9 . 13 C NMR spectrum of C78-AHM. validate the efficient cyclodehydrogenation of the oligophenylene. [8, 9] 
Synthesis of GNR-AHMs
The method described in 3.3 was followed to convert the PPP precusors into GNR-AHMs. Firstly, 50 mg PPP-AHM was dissolved in 50 mL DCM. Then the solution of ferric chloride (562 mg, 7.5 eqv./H) in 2.0 mL nitromethane was added.
Subsequently, a stream of nitrogen saturated with dichloromethane was passed through the mixture for 2 h. The mixture was stirred at room temperature for 24 h.
After the reaction, an excess amount of methanol was added to produce precipitate.
The precipitate was collected by extraction filtration, washed with water and methanol for at least 5 cycles. After vacuum drying, 46 mg black powders (GNR-AHM) were obtained, with a yield of 91%.
The comparison of the FTIR spectra of the PPP precursors and GNR samples are shown below (Figures S14-S16). 
Solid-State NMR measurements of PPP-AHM and GNR-AHM samples
All solid-state 1 H magic-angle-spinning (MAS) and 13 kHz. To achieve sufficiently good signal-to-noise ratios, 32768 transients were recorded and co-added using a recycling delay of 2.5 s. Figure S18e . From Figure S18e it is also evident that both the aromatic protons and those of the aliphatic side chain give rise to a much broader 1 H resonances compared with the corresponding spectrum of the precursor material in Figure S18b , which includes several separate 1 H signals with significantly narrower line width. Again, these characteristic spectral differences can be attributed to the increased rigidity of the resulting GNRs. The good solubility of the GNRs allowed the deposition on HOPG of diluted solutions in 1,2,4-trichlorobenzene (TCB). By selecting the appropriate concentration, self-assembled layers were formed and observed by AFM. At 0.01 mg mL -1 , numerous organized domains covered the graphite surface ( Figure S24 ). The domains S24 usually extend over tens of thousands square nanometers. AFM topographic images clearly show that monolayer thick films (3.9 ± 0.9 Å) are formed (supporting information Figure S25 ). ). The excitation wavelength was 600 nm. b Fluorescence quantum yield was obtained using quinine sulfate as the standard. 21 Figure S26 . Relationship of the PL maximum intensity (at 740 nm) and the GNR concentration in THF.
Dispersibility of GNR-AHMs in common organic solvents
Transient absorption experimental setup
The transient absorption (TA) setup is fed by a 100-fs, 1-kHz repetition rate Ti:sapphire laser system (Libra, Coherent) with a central wavelength of 800 nm. The GNR-AHM-1 GNR-AHM-3
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nm, or on a 3 mm thick YAG plate for the NIR WLC extending from 815 to 1100 nm.
For the TA spectra in Figure 3 of the main text, the output of the second OPA at 1225 nm was focused on a 2 mm thick sapphire plate, generating a WLC, displayed in Figure S27 , which extends from 530 nm to 1000 nm, limited on the NIR side by the short pass filter used to reject the residual 1225 nm OPA light. Measurements are performed in transmission using a SP2150 Acton, Princeton Instruments spectrometer equipped with a CCD detector. The differential transmission (ΔT/T) is acquired as a function of probe wavelength and pump-probe delay. The measurements are performed with parallel and cross-polarisation between the pump and the probe or with an angle of 54.7° by placing a polariser on the pump path. We observed no dependence of the TA dynamics on the relative polarization between pump and probe. 
2DES experimental setup
Two-dimensional Electronic Spectroscopy (2DES) is an optical frequency analogue of multidimensional NMR techniques, and can also be seen as an extension of TA spectroscopy in which sub-10 fs temporal resolution is made compatible with high excitation frequency resolution. Measurements were performed in the partially collinear pump-probe geometry. Both pump and probe pulses are generated by a non-collinear optical parametric amplifier (NOPA) in the NIR range, fed by an amplified Ti:sapphire laser (Coherent Libra) beam at 800 nm with 100 fs pulse S27 duration and 1 kHz repetition rate. The details of the design of the NOPA are given in reference [22] . Briefly, the second harmonic of the Ti:sapphire is used to amplify the WLC (shown in Figure S27 ) in a quasi-collinear geometry. The NOPA pulses are compressed through chirped mirrors and the pulse duration was measured by the PG-FROG technique 23 at the sample position yielding 11.25 fs pulses.
To generate two phase-locked collinear pump pulses with very high delay precision, we exploit the Translating-Wedge-based Identical pulse eNcoding System (TWINS) 24, 25 , a birefringent interferometer based on a sequence of α-barium borate wedges and plates. The waiting time, t 2 , between the pump and probe pulses, is controlled by a translation stage. For each t 2 , the 2DES maps are recorded scanning the delay t 1 between the two pump pulses and by recording with a spectrometer the T/T spectra as a function of t 1 and then performing a Fourier transform. TA measurements were performed on GNR-AHM-1 and GNR-AHM-3 samples dispersed in THF and toluene; we observed that spectra and dynamics were almost identical and do not depend on the solvent. TA measurements presented in this work are performed on samples prepared in THF. The two samples show very similar TA spectra. As shown in Figure S28a , TA spectra of GNR-AHM-1 are characterized by the same shape as the spectra of GNR-AHM-3 ( Figure S28b ). In order to obtain the time constants of the dynamics of the entire dataset, we performed global analysis with the Glotaran software 26 . We observed that a three exponential decay model (plus one that is much longer than the longest delay measured) fits well the data. The evolution associated spectra (EAS) give the wavelength dependent amplitudes associated to each time constant. In Figure S30 , we plot the EAS spectra of GNR-AHM-3 sample pumped with λ PUMP =730 nm. As already seen, the fastest component is related to the decay around 740 nm. Figure S30 . EAS spectra obtained by fitting GNR-AHM-3 TA maps with Glotaran. In black the spectra related to the fastest decay constant τ 1 (250 fs), in red the one related to the second decay constant τ 2 (9 ps) and in green, spectrum related to the longest component τ 3 (290 ps).
Transient absorption measurements and Data analysis
Concentration dependent linear absorption
Linear absorption spectra were acquired at room temperature using a V-570 Jasco spectrophotometer. The background has been corrected accounting for solvent absorption. Figure S31 shows concentration dependence of GNR-AHM-1 linear absorption spectra. On highly concentrated samples, we observe additional weak absorption bands between 850 and 1000 nm, which gradually disappears as the concentration is lowered, being thus assigned to aggregated species in the dispersions.
The strong inhomogeneous broadening observed with 2DES ( Figure 3c ) was discussed to originate from intermolecular interactions through the bulky AHM side chains. This is corroborated by the fact that the individual peaks in the absorption get narrower as the concentration is lowered ( Figure S31b, right panel) .
Spectral diffusion
Knowing from 2DES that the lowest electronic transition is inhomogeneously broadened from time zero, we can investigate in more detail the spectral diffusion up to 900 ps with the narrowband TA, which corresponds to a horizontal cut of the 2DES maps. Here, the pump spectrum is about 10 nm wide around 730 nm, which is sufficiently narrow to see that the spectral diffusion manifests itself as a broadening of the transition. Figure S32 . Series of normalized TA spectra of GNR-AHM-3 in toluene from 0.06 to 900 ps. A slight broadening is observed in the first 500 fs, after which the lineshape retains a constant width up to 900 ps. Because the width of this band is much narrower compared to the diagonal peak widths in 2DES, we conclude that much of the microscopic structures causing inhomogeneous broadening is very rigid and stable. Because of ample evidence to discard the presence of large aggregates, the inhomogeneity cannot be assigned to the distributions of GNR aggregate structures but likely to the configurations of AHM side chains.
